Abstract. This paper describes the propagation and first reflection off a turbulent ocean and calm ocean from a point source on land. Considering MUF, P-M spectrum and seawater characteristics, we give the formula for calculating the dielectric constant, through this, we can easily get the relationship between different sea level. Compared with the calm sea surface specifically, the turbulent sea surface makes the reflection coefficient more sensitive to the change of grazing incidence angle, temperature and salinity. This will have an important role in the study of HF wave propagation on the surface of the sea and the communication of ships.
Introduction
Shortwave communications have the characteristics of long-range propagation and strong anti-destruction capability [1] . Shortwave propagation depends mainly on ionospheric reflections to achieve.
The strategic position of the oceans has drawn much attention in recent years and its research has focused on reflections above sea level. Wave heights, shapes, frequencies and wave propagation change rapidly on turbulent sea level, direction may also change. Experience has shown that reflections on the surging sea are more attenuated than on the calm sea. Ocean turbulence will affect the electromagnetic gradient of seawater, changing the local dielectric constant and permeability of the ocean.
The Reflectance Model in the Ionosphere

Radio Wave Reflection in the Ionosphere
Without considering the effect of the geomagnetic field, the equivalent relative dielectric constant of the ionosphere, r ε is a scalar quantity. Therefore, 
Where N is the ionospheric electron concentration;ω is the radio frequency;ν is the collision frequency; m is the mass of the electron; and 0 ε is the dielectric coefficient of free space. For high-frequency radio waves, also known as shortwave, it usually meets 
The ion concentration in the ionosphere varies with height.As N increases with increasing height, n decreases. The shortwave injected into the ionosphere will not propagate along the straight line but along the curve, as shown in Figure1 [2] . Under certain conditions, the radio waves are reflected off the sea surface through continuous refraction in the ionosphere.The reflection conditions are discussed as follow: Figure 1 . Shortwave propagation through the ionosphere.
The reflection conditions are discussed as follow: It is assumed that the ionosphere consists of many parallel thin layers of very thin thickness, in which the electron concentration is uniform. Let the electron concentration of the first layer be 1 N , the electron concentration of the second layer be 2 N , etc., and the corresponding refractive index is 1 n , 2 n etc. If
n n n n n + > > > ⋅⋅⋅ > When shortwave with the frequency f launches at a certain angle 0 θ from a point source on land.
After entering the ionosphere from the air, the waves are refracted once through each lamella. When the number of lamellae increases indefinitely, the trajectory of electric wave becomes a smooth curve. Using the sine theory, 
As the height increases, n gradually decreases. Therefore, the radio wave enters the ionosphere and propagates continuously along the trajectory whose refraction angle is larger than the incident angle, which is 0 1 2 n θ θ θ θ < < ⋅⋅⋅ < . When the radio wave reaches a certain height of the ionosphere n h , the electron concentration n N just makes the angle of refraction
It means the radio path reaches the highest point. After that, the ray will gradually decrease along the refraction angle and return to the ground from the depth of the ionosphere. Due to the continuous variation of electron concentration with height distribution, the trajectory of the radio is a smooth curve. According to Eq. (5), we can get the condition that the electric wave can be reflected from the ionosphere. θ , n N , when radio waves can return to the sea from the ionosphere. When f is fixed, 0 θ is larger and the radio wave is more easily reflected from the ionosphere. From this we can see that if f is too high, the required electron concentration n N of the reflection condition will be larger than the maximum electron concentration max N of the ionosphere. As a result, the waves will penetrate the ionosphere into space without returning to the ground. Next, we will discuss Maximum Usable Frequency.
Maximum Usable Frequency(MUF)
There is a MUF when the shortwave propagates through the ionosphere. In determining time, the shortwave propagation between the sending and receiving only square up the maximum frequency of propagation by ionospheric refraction, known as the basic MUF [3] .The basic MUF spread by the F-layer is called F-layer basic MUF [3] .Here, we use the ITU-RP.434 method proposed by International Tele-communications Union-Radio Communications Sector to calculate MUF [4] . According to recommendation from ITU-R RP.434, the formula for calculating the fundamental MUF of a shortwave in the F-layer is given as follows: 
, its unit is km; D is the distance between sending and receiving points, 0 n is the number of hops; 3000
; H f is the electron spin rate at a height of 3000 km, its unit is MHz .
The MUF varies with the season, time of day, and solar conditions. Based on recommendation from ITU-R RP.434, we conservatively estimate the MUF is less than 10MHz.
The Reflection Model of Shortwave on the Ocean
P-M Sea Spectrum Model
The scene that wind driven sea surface is usually expressed by P-M spectrum. According to a huge number of ocean statistics, P-M spectrum characterize the true full growth of the storms well, and it is widely used in the mathematical expression because of simplicity. One-dimensional rough surface PM spectrum in the two-dimensional problem can be expressed as follows: Under different wind speeds, the characteristic curve of P-M sea spectrum transforming with the spatial wave are as shown in Figure2.
The Reflection Intensity about Wave on Sea Surface
The Calculation of Complex Dielectric Constant of Seawater. The electromagnetic characteristics of sea surface affect the sea surface reflection intensity of radio waves, and it is related to the seawater temperature, salinity, electromagnetic wave frequency as well as many other factors. The parameter characterizing the electromagnetic properties of the sea surface is the complex permittivity of the sea surface, which is composed of sea water relative dielectric constant ε ,sea water conductivityσ , and wave length λ After calculation, the value of the seawater dielectric derivative with the frequency of the radio wave is shown in Figure3. This shows that when the radio frequency changes within 10MHz, the corresponding seawater dielectric constant is almost equal, which is about 72.474F/m.
The Calculation of Sea Surface Reflection Coefficient
1) The Calculation of Smooth Sea Surface Reflection Coefficient
According to the law of reflection that plane wave oblique to the ideal medium interface, which is known as snell's law. The incident wave at any angle between the electric field vector and the incident plane can be decomposed into two components of vertical polarization and horizontal polarization.
The Fresnel reflection coefficient of the horizontal and vertical polarized waves on a smooth sea surface can be obtained as [5] R , v R are respectively the horizontal polarization and vertical polarization of the reflection coefficient,θ is the grazing incidence angle.Putting (18) into the above two equations yields H R , v R . According to this calculation method, the reflection coefficients of two polarization modes can be calculated and analyzed.
2) Calculation of Rough Sea Surface Reflection Coefficient For the reflection of rough sea surface, we use the smooth sea surface reflection coefficient multiplied by the roughness correction factor ρ to approximate [6] [7] , that is
R is the rough sea reflection coefficient, ρ is the roughness correction factor, and R is the smooth sea surface reflection coefficient. International Radio Consultative Committee(CCIR) gives a rough correction factor for the expression [8] [9] Seen from Figure 4 , with the increase of grazing incidence angle, the reflection coefficient of the first reflection have a downward trend. The reflection coefficient of horizontal polarized waves in the turbulent seafalls faster than that in the calm sea. The horizontal polarized wave reflection coefficient in turbulent sea is much more sensitive to the change of grazing incidence angle than that in calm sea. As can be seen from Figure 5 , with the increase of grazing incidence angle, the reflection coefficient correspondingly rockets up to around 1.At grazing angles of incidence 20 < , the reflection coefficient of vertical polarized wave between in calm sea and in turbulent sea is basically the same. However, when the grazing incidence angle is greater than 20 , the reflection coefficient of the turbulent sea surface is more dispersed than that of the calm sea.
In short, strength of the first reflection in a calm sea is greater than that in the turbulent sea.
Summary
We constructed a model of HF radio propagation from the point sources on land to the different sea levels and the first reflection intensity. It satisfies the actual needs of signal reflection in real life. In this model, the propagation of short waves from launching, and all the reflection phases are included in a robust framework. This calculation method is of great significance for studying the reflection and attenuation of HF waves at sea level.
